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(54) Webbing take-up device and vehicle equipped with such a device 



(57) A webbing take-up device (10) and a vehicle 
are provided in wtiich different force li miter loads can be 
selected at arbitrary times with a simple structure. A wire 
(28) Is inserted Into a spool (14). One end portion of the 
wire (28) is fixed to a lock base (1 6). Thus, when rotation 
of the lock base (16) is impeded, a twisting load of a 
torsion bar (24) and a drawing-through load of the wire 
(28) are applied to a webbing (26) as force limiter load. 
Further, a cutting gear (30) is disposed between the 
spool (14) and the lock base (16). When the cutting gear 
(30) is rotated at an arbitrary time, the wire (28) is cut. 
In this way, the force limiter load is reduced to only the 
twisting load of the torsion bar (24). As a result, different 
force limiter loads can be selected at arbitrary times witii 
a simple stmcture. 
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Description 

[0001] The present invention relates to a webbmg 
take-up device which tenses a webbing in a direction of 
restraining a vehicle occupant at the time of rapid de- s 
celeration of a vehicle, and in particular, to a webbing 
take-up device which, at the time of impeding pulling^ 
out of a webl^ing, can absorb energy while allowing the 
webbing to be pulled-out. 

[0002] Further, the present invention relates to a ve- io 
hide equipped with this webbing take-up device. 

Description of the Related Art 

[0003] In a webbing take-up device, at the time of rap- is 
id deceleration of a vehicle, rotation of a spool (take-up 
shaft) in a webbing pull-out direction is locked such that 
pulling-out of the webbing is Impeded. As this locking 
mechanism, a lock member is provided in a vidnity of a 
device frame at one end side of the spool. Due to this 20 
lock member being operated when the vehicle rapidly 
decelerates, rotation of the spool in the webbing pull-out 
direction is Nndered. 

[0004] Further, in such a webbing take-up device, at 
the time of impeding pulting-out of the webbing, a pre- 25 
determined amount of pull-out of the webbing is permit- 
ted and energy is absorbed. There are devices in which, 
for example, a spool and a torsion bar disposed coaxi- 
al ly with the spool form the energy absorbing mecha- 
nism. Generally, the torsion bar is connected to a lock 30 
base and the spool such that the torsion bar and the lock 
base and the spool do not rotate relative to one another. 
One end portion of the torsion bar is connected to the 
spool, and the other end portion of the torsion bar is con- 
nected to a lock base to which a lock member is con- 3S 
nected. The spool and the lock base usually rotate inte- 
grally via the torsion bar. However, at the time of a rapid 
deceleration of the vehicle, in a state in which rotation 
of the lock base in the webbing pull-out direction is hin- 
dered, the spool rotates in the webbing pull-out direction 40 
with respect to the lock base due to the webbing tensile 
force. At this time, the torsion bar twists, energy is ab- 
sorbed, and a predetermined amount of rotation of the 
spool is permitted. The absorbed energy is determined 
by the product of the load applied to Uie webbing (the 45 
force limiter load) and the webbing pull-out amount (the 
amount of rotation of the spool) . In the webbing take- 
up device, the force limiter load and the allowed amount 
of rotation of the spool (the limit of twisting of the torsion 
bar) are applied. so 
[0005] However, in such a conventional webbing 
take-up device, the force limiter load at the time of en- 
ergy absorption is governed by the values of the prop- 
erties of the material of the torsion bar and the dimen- 
sional configuration of the torsion bar The force limiter ss 
load is a fixed value regardless of, for example, the in- 
ertial energy of the vehicle occupant such as the colli- 
sion energy whose parameters are the weight and the 



physique of tt^ vehicle occupant, the vehicl speed at 
the time of the collision and the like. Further, the force 
limiter load is a fixed value from the b ginning to the nd 
of energy absorption. Namely, in a conventional web- 
bing take-up device, both during rapid deceleration of 
the vehicle and during the process of energy absorption, 
different force limiter loads cannot be selected. 
[0006] However, if the force limiter load can be re- 
duced (if a small force limiter load can be selected) at 
an appropriate time in the energy absorbing process, 
the webbing pull-out amount (the amount of movement 
of Uie vehicle occupant) can be suppressed by, at the 
initial stage of rapid deceleration of the vehicle, applying 
a large force limiter load so as to make the energy ab- 
sorption amount per spool rotation amount (webbing 
pull-out amount) large. On the other hand, after a pre- 
determined energy absorption (after a predetermined 
amount of energy has been absorbed), by reducing the 
force limiter load, the load applied to the vehicle occu- 
pant can be decreased. 

[0007] In particular, in a vehicle equipped with an air 
bag device, by reducing the force limiter load immedi- 
ately before contact of the air bag and the vehicle occu- 
pant, the total load applied to tine vehicle occupant can 
be reduced, and there Is less possibility tiiat tiie vehicle 
occupant is injured, compared to the conventional de- 
vice. 

[0008] A webbing take-up device in which different 
force limiter loads can be selected in accordance with 
the inertial energy of the vehicle occupant has been con- 
templated. However, in order to be able to change the 
force limiter load in such a convent! or^l webbing take- 
up device, for example, plural torsion bars are provided 
and combination of torsion bars which absorbs energy 
is changed, or torsion bars of different diameters are 
combined coaxially and the energy absorbing positions 
thereof are changed. Thus, these structures are com- 
plex. 

SUMMARY OF THE INVENTION 

[0009] In view of the aforementioned, a first object of 
the present Invention Is to provide a webbing take-up 
device which, with a simple structure, can select differ- 
ent force limiter loads at arbitrary times. 
[0010] A second object of the present Invention is to 
provide a vehicle which is equipped with the aforemen- 
tioned webbing take-up device and an air bag device, 
and which can reduce the load applied to a vehicle oc- 
cupant. 

[0011] In order to achieve the above-described first 
object, a first aspect of the present invention is a web- 
bing take-up device comprising: a cylindrical spool at 
which a webbing is taken-up and from which a webbing 
is pulled-out; a lock base provided at one end side of 
the spool so as to be coaxial with the spool and so as 
to be able to rotate relatively to the spool; a locking mem- 
ber which is connected to the lock base and which im- 
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pedes rotation of the lock base in a direction of pulling 
out the webbing by engaging with a frame at a time when 
a predetermined acceleration is sensed; a torsion bar 
which is provided within the spool coaxialty with the 
spool, one end of the torsion bar being connected to the 
spool, another end of the torsion bar being connected 
to the lock base, the torsion bar making the spool and 
the lock base rotate integrally in a normal state, and in 
a state in which rotation of the lock base in the direction 
of pulling out the webbing is impeded by the locking 
member, the torsion bar being twisted due to webbing 
tensile force while making the spool rotate relatively with 
respect to the lock base in the direction of pulling out 
the webbing; at least one wire whose one end portion is 
fixed to the lock base and whose another end portion 
and an intermediate portion are inserted in the spool, 
and due to the at least one wire being pulled out from 
the spool at a time when the spool rotates relatively with 
respect to the lock base, the at least one wire generating 
a resistance force; and a cutting section which is able 
to cut the at least one wire at an arbitrary time. 
[0012] The wire of the first aspect may be a rod- 
shaped member which does not easily deform (e.g., 
which does not deform by its own weight or due to force 
which can be applied by a human). 
[0013] In the webbing take-up device of the first as- 
pect, the spool and the lock base are connected via the 
torsion bar. and usually the spool and the lock base ro- 
tate integrally. Thus, usually, the webbing can be fi^eely 
taken-up and pulled-out. 

[0014] When the vehicle rapidly decelerates, the lock 
member operates to impede rotation of the lock base in 
the webbing pull-out direction. At this time, the webbing 
tensile force accompanying the inertia! movement of the 
vehicle occupant is applied, via the spool, to the torsion 
bar as rotational force in the webbing pull-out direction. 
As a result, the spool rotates relatively to the lock base 
while the torsion bar is twisted. Further, when the spool 
begins to rotate relatively to the lock base, along with 
this rotation, the wire is pulled out from the spool while 
being drawn through (rubbed) at an exit portion of the 
spool, and is taken-up on the side surface of the lock 
base. In this way. while the twisting load of the torsion 
bar and the drawing-through (rubbed) load of the wire 
are applied to the webbing (the vehicle occupant) as a 
constant force limiter load, the spool rotates In the web- 
bing pull-out direction with respect to the lock base, the 
webbing is pulled-out, and energy is absorbed. 
[001 5] Moreover, when the cutting section is operated 
at an arbitrary time in the energy absorbing process, the 
wire is cut by the cutting section. In this way, only the 
twisting toad of the torsion bar is applied to the webbing 
as the force limiter load, and the force limiter load can 
be reduced at an arbitrary time. 
[00161 Accordingly, at the initial stages of rapid vehi- 
cle deceleration, by applying a large force limiter load 
such that the energy absorbing amount per rotational 
amount of the spool (webbing pull-out amount) Is large, 



the webbing pull-out amount (amount of movement of 
the vehicle occupant) can be suppressed. On th other 
hand, after a predetermined energy absorption, by re- 
ducing the force limiter load, the load applied to the ve- 
5 hide occupant can be reduced. 

[0017] In a case in which the cutting section is not op- 
erated, a large force limiter load is maintained through- 
out the entire energy absorption process. In a case in 
which the cutting section is operated immediately after 
10 rapid deceleration of the vehicle (for example, at sub- 
stantially the same time of beginning of the rapid decel- 
eration of the vehicle), a small force limiter load is ap- 
plied from the initial stages of rapid deceleration of the 
vehicle. As a result, switching can be carried out be- 
ts tween two different force limiter loads in accordance 
with the inertial energy of the vehicle occupant which is 
based on the physique of the vehicle occupant and the 
type of collision. 

[0018] In this way. in the webbing take-up device re- 
20 lating to the first aspect of the present invention, different 
force limiter loads can be selected at arbitrary times with 
a simple structure. 

[001 9] In a webbing take-up device relating to a sec- 
ond aspect of the present invention, the cutting section 

25 in the webbing take-up device of the first aspect has: a 
cutting gear which is fbmned In a disc shape having 
meshing teeth at an outer peripheral portion thereof and 
which has a cutting hole in a disc side surface, the cut- 
ting gear being disposed between the spool and the lock 

30 base so as to be freely rotatable and so as to be coaxial 
with the spool, with the at least one wire inserted through 
the cutting hole; and driving section having driving teeth 
which can mesh with the meshing teeth of the cutting 
gear, the driving section usually allowing the cutting gear 

35 to rotate freely, and due to tiie drive means being oper- 
ated, the drive teeth moving while meshing with the 
meshing teeth of the cutting gear such that the driving 
section forcibly rotates the cutting gear with respect to 
the spool and the lock base. 

40 [0020] In the webbing take-up device of the second 
aspect, a wire is inserted through a cutting hole formed 
in a disc side surface of a cutting gear provided, so as 
to be freely rotatable. t)etween the spool and the lock 
base. One end portion of the wire is fixed to the lock 

45 base, whereas the intermediate portion and the other 
end portion of the wire are inserted into the spool. Thus, 
usually, the spool and the lock base, which are connect- 
ed via the torsion bar, and the cutting gear rotate inte- 
grally via the wire. As a result, usually, the wire is not cut. 

50 [0021] When the driving section is operated at an ar- 
bitrary time, due to the driving teeth of the driving section 
moving while meshing with the meshing teeth of the cut- 
ting gear, the cutting gear is forcibly rotated. The cutting 
gear is set between the spool and the lock base in a 

55 state in which the wire is inserted through the cutting 
hole provided in the disk surface of the cutting gear 
Thus, when the cutting gear is rotated forcibly with re- 
spect to the spool and the lock base, the wire is cut by 
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the cutting hole provided at the cutting gear. 
[0022] Accordingly, the force limiter toad can be re- 
duced at an arbitrary time. 

[0023] In this way, in the webbing take-up device of 
the second aspect, different force limiter loads can be 
reliably selected (switched) at arbitrary time with a struc- 
ture that is even more simple. 

[0024] In order to achieve the above described sec- 
ond object, a third aspect of the present invention is a 
vehicle comprising: (a) a webbing take-up device hav- 
ing: a cylindrical spool at which a webbing is taken-up 
and from which a webbing is pulled-out; a lock base pro- 
vided at one end side of the spool so as to be coaxial 
with the spool and so as to be able to rotate relatively 
to the spool; a locking member which is connected to 
the lock base and which impedes rotation of the lock 
base In a direction of pulling out the webbing by engag- 
ing with a frame at a time when a predetemiined accel- 
eration is sensed; a torsion bar which is provided within 
the spool coaxially with the spool, one end of the torsion 
bar being connected to the spool, another end of the 
torsion bar t>eing connected to the lock base, the torsion 
bar usually making the spool and the lock base rotate 
integrally, and in a state in which rotation of the lock base 
in the direction of pulling out the webbing is impeded by 
the locking member, the torsion bar twisting due to web- 
bing tensile force while making the spool rotate relatively 
with respect to the lock base in the direction of pulling 
out the webbing; at least one wire whose one end por- 
tion is fixed to the lock base and whose other end portion 
and an intermediate portion are inserted in the spool, 
the wire being pulled out from the spool at a time when 
the spool rotates relatively with respect to the lock base, 
the at least one wire generating a resistance force; and 
a cutting section which is able to cut the at least one 
wire at an arbitrary time; (b) an air bag device; (c) a sen- 
sor which can detect information relating to at least one 
of a vehicle occupant and a state of the vehicle; and (d) 
control section which is connected to the cutting section 
and the sensor, and which can operate the cutting sec- 
tion on the basis of detection results of the sensor 
[0025] The sensor of the third aspect is not only a sen- 
sor which directly senses the distance between the bag 
body and the vehicle occupant, but also may be an in- 
direct sensor system (program) which can compute the 
distance between the bag body and the vehicle occu- 
pant on the basis of the results of detection of sensor(s) 
already provided in the vehicle (e.g. , a seat load sensor, 
an acceleration sensor, a webbing take-up amount sen- 
sor, or a combination of these sensors). 
[0026] In the vehicle of the third aspect, for example, 
the vehicle is provided with the sensor which is able to 
detect a distance kwtween a bag body of the air bag de- 
vice and the vehicle occupant, and control section which 
is connected to the cutting section and the sensor elec- 
trically and which can operate the cutting section when 
it is judged there is a state immediately before contact 
of the bag body and the vehicle occupant on the basis 
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of detection result of the sensor, when the air bag d vice 
is activated, the sensor detects the distance between 
the bag body and the vehicle occupant, and outputs the 
results of detection to the control means. When the con- 

s trol means, to which the results of detection of the sen- 
sor have been inputted, judges, on the basis of the re- 
sults of detection, that there is a state immediately be- 
fore contact of the bag body and the vehicle occupant, 
the control means operates the cutting section. 

10 [0027] In this way, immediately before contact of the 
bag body and the vehicle occupant, the force limiter load 
is reduced. Thus, in the stete immediately t)efore con- 
tact of the bag body and the vehicle occupant, a large 
force limiter load is applied, the energy absorption 

15 amount per time is made large, and the pull-out amount 
of the webbing (amount of movement of the vehicle oc- 
cupant) can be suppressed. On the other hand, after 
contact of the bag body and the vehicle occupant, a 
smaller force limiter load is applied such that the force 

20 applied to the body of the vehicle occupant from the ex- 
terior is reduced. In this way, there is less possibility that 
the vehicle occupant Is injured, compared to the con- 
ventional device. 

[0028] 1 n accordance with the physique of the vehicle 
25 occupant and the state of the collision, for example, in 
a case In which the inertial energy of the vehicle occu- 
pant is large, it is possible to not operate the cutting sec- 
tion, such that even after contact of the bag body and 
the vehicle occupant, a large force limiter load may be 
30 applied. On the other hand, in a case in which the inertial 
energy of the vehicle occupant is small, the cutting sec- 
tion can be operated before operation of the air bag de- 
vice, and a small force limiter load can be applied from 
before contect of the bag body and the vehtele occupant. 
35 [0029] In this way, the vehicle of the third aspect of 
the present invention is equipped with the above-de- 
scribed webbing take-up device and an air bag device, 
and the load applied to the vehicle occupant can be re- 
duced. 

40 A fourth aspect of the present invention is a webbing 
take-up device comprising: a cylindrical spool at which 
a webbing is taken-up and from which a webbing is 
pulled-out; a lock k>ase provided at one end side of the 
spool so as to be coaxial with the spool and so as to t)e 

45 able to rotete relatively to the spool; a locking member 
which is connected to the lock base and which impedes 
rotation of the lock base in a direction of pulling out the 
webbing by engaging with a frame at a time when a pre- 
determined acceleration is sensed; a torsion bar which 

50 is provided within the spool coaxially with the spool, one 
end of the torsion bar t>eing connected to the spool, an- 
other end of the torsion bar being connected to the lock 
base, the torsion bar making the spool and the lock base 
rotate integrally In a normal state, and in a state in which 

55 rotation of the lock base in the direction of pulling out 
the webbing is impeded by the locking member, the tor- 
sion bar being twisted due to webbing tensile force while 
making the spool rotate relatively with respect to the lock 
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base in the direction of pulling out the webbing; at least 
one wire whose one end portion is fixed to the lock base 
and whose another end portion and an intermediate por- 
tion are inserted in the spool, and due to the at least one 
wire being pulled out from the spool at a time when the 
spool rotates relatively with respect to the lock base, the 
at least one wire generating a resistance force; and a 
cutting section which is able to cut the at least one wire 
at an arbitrary time, wherein the cutting section has: a 
cutting gear which Is formed in a disc shape having 
meshing teeth at an outer peripheral portion thereof and 
which has a cutting hole in a disc side surface, the cut- 
ting gear being disposed between the spool and the lock 
base so as to be freely rotatable and so as to be coaxial 
with the spool, with the at least one wire inserted through 
the cutting hole; and a driving section having driving 
teeth which can mesh with the meshing teeth of the cut- 
ting gear, the driving section allowing the cutting gear to 
rotate freely in the normal state, and due to the drive 
means being operated, the drive teeth being moved 
while meshing with the meshing teeth of the cutting gear 
such that the driving section forcibly rotates the cutting 
gear with respect to the spool and the lock base. 
[0030] In a fifth aspect of the present invention, in the 
webbing take-up device of the first or the fourth aspect, 
the Intermediate portion and the other end portion of the 
wire are accommodated In a wire accommodating por- 
tion provided at the spool. 

[0031 ] In a sixth aspect of the present invention, In the 
webbing take-up device of the fifth aspect, the wire ac- 
commodating portion is a hole which is substantially par- 
allel to an axis of rotation of the spool. 
[0032] In a seventh aspect of the present invention. 
In the webbing take-up device of the fifth aspect, the wire 
accommodating portion is formed in spiral shape with 
respect to an axis of rotation of the spool. 
[0033] In an eighth aspect of the present invention, in 
the webbing take-up device of the fifth aspect, a plurality 
of the wires and a plurality of the wire accommodating 
portions are provided. 

[0034] In a ninth aspect of the present Invention, in 
the vehicle of the third aspect, the sensor is a sensor 
which can detect a distance between the vehicle occu- 
pant and a bag body of the air bag device. 
[0035] In a tenth aspect of the present invention, in 
the vehicle of the third aspect, the sensor is a sensor 
which can detect at least one of a weight of the vehicle 
occupant and a physique of the vehicle occupant. 
[0036] In an eleventh aspect of the present Invention, 
in the vehicle of the third aspect, the sensor detects a 
running state of the vehicle. 

[0037] The invention will now be described further by 
way of example with reference to the accompanying 
drawings in which: 

[0038] Fig. 1 is cross-sectional view showing an over- 
all stmcture of a webbing take-up device relating to an 
embodiment of the present invention. 
[0039] Fig. 2 is a side sectional view, as seen from 



direction A-A in Fig. 1, which illustrates the w bbing 
take-up device relating to the embodim nt of the present 
invention. 

[0040] Fig. 3 is a graph showing a relationship t)e- 
5 tween webbing tensile force (force limiter load) and an 
amount of rotation of a spool in a webbing pull-out di- 
rection, in the webbing take-up device relating to the em- 
bodiment of the present invention. 
[0041] Fig. 4 is a side sectional view illustrating a por- 
10 tion of a vehicle to which the webbing take-up device 
relating to the embodiment of the present Invention is 
applied. 

[0042] Fig. 5 Is cross-sectional view showing another 
embodiment of a wire of the present invention. 

IS [0043] Fig. 6 is a view showing another embodiment 
of a wire of the present invention. 
[0044] A webbing take-up device 10 relating to an em- 
bodiment of the present invention will be descrit>ed on 
the basis of Figs. 1 and 2. 

20 [0 045] An overall structure of the webbing take-up de- 
vice 10 relating to the present embodiment is illustrated 
in cross-section in Fig. 1 . Fig. 2 is a side sectional view 
of the webbing take-up device 10 as seen from the di- 
rection of A-A in Fig. 1 . 

25 [0046] As shown in Fig. 1 , the webbing take-up device 
1 0 has a frame 12. The frame 12 is formed In a substan- 
tial U-shape by a pair of opposing leg plates 12A, 12B, 
and a back plate 1 2C which connects the leg plates 1 2A, 
12B. The back plate 12C extends downwardly, and the 

30 lower end portion thereof Is kx>lted and fixed to a vehicle 
body. 

[0047] A cylindrical spool, 1 4. whose axial direction is 
a direction in which the leg plates 1 2A. 1 2B oppose each 
other, is provided between the opposing leg plates 12A, 
35 128 of the frame 12. One end of a webbing 26 is an- 
chored to the spool 14. Due to rotation of the spool 14. 
the webbing 26 is freely taken-up or pulled-out with re- 
spect to the spool 14. 

[0048] A lock base 16 Is disposed at the leg plate 128 

40 side end portion within the cylinder of the spool 14. The 
lock base 16 is rotatably supported in an opening of the 
leg plate 128 of the frame 12, so as to be coaxial with 
the spool 14. A lock plate 18 serving as a lock member 
is connected to the lock base 16. In a case in which a 

45 predetermined acceleration (deceleration) Is sensed by 
an acceleration sensor (not shown in the drawings), ro- 
tation of the lock base 16 Is Impeded due to the lock 
plate 18 biting Into the leg plate 128 of the frame 12. 
[0049] A hexagonal portion of a torsion bar 24, which 

50 is disposed at an axlally central portion within the cylin- 
der of the spool 14, is inserted into the lock base 16. The 
lock t>ase 16 usually rotates integrally with the hexago- 
nal portion at the one end side of the torsion bar 24. 
[0050] A sleeve 20 is disposed at the teg plate 12A 

55 side end portion within the cylinder of the spool 14. Due 
to a spline-shaped teeth 22 being fit, the sleeve 20 is 
connected Integrally with the spool 14. and is rotatably 
supported coaxially with the spool 14 in an opening of 
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the leg plate 12A. The distal end portion of the sleeve 
20 projects outward from the leg plate, and a power 
spring (not shown in the drawings) is provided at the end 
of this projecting portion. In this way. the sleeve 18 is 
always urged to rotate in the direction of taking-up the s 
webbing 26. 

[0051] The sleeve 20 is connected to the lock base 
16 by a hexagonal portion at the other end of the torsion 
bar 24 being inserted into the sleeve 20. The spool 14, 
the sleeve 20. the torsion bar 24 and the lock base 16 io 
thereby usually rotate integrally. 
[0052] Here, a cutting gear 30 serving as a cutting 
section Is provided coaxially with the spool 14 between 
the lock base 16 and the spool 14. A hole 30C is formed 
in the central portion of the cutting gear 30. A portion of 15 
the lock base 16 which is not inserted into the spool 14 
is inserted into the hole 30C via, for example, a bearing 
(not shown in the drawings) or the like. In this way, the 
cutting gear 30 is rotatably supported with respect to the 
spool 14 and the lock base 16. Meshing teeth 30A are 20 
provided at the outer peripheral portion of the cutting 
gear 30. A cutting hole 30B is provided at a position In 
the side surface of the cutting gear 30 which is eccentric 
from the axis of rotation (The cutting hole 30B is formed 
so as to be penetrate both sides surface of the cutting 25 
gear 30). A wire 28 which Is formed in a rod-like shape 
is inserted Into the cutting hole 30B so as to be freely 
removable therefrom. 

[0053] One end portion of the wire 28 Is inserted 
through a hole which is formed in the lock base 16 at a 30 
position eccentric to the axis of rotation of the lock base 
16, and which is parallel to the axis of rotation of the lock 
base 16. This one end portion of the wire 28 is fixed to 
the lock base 16 by a push nut 29 which is provided at 
the leg plate 12B outer side of the lock base 16. 
[0054] The intermediate portion and the other end 
portion of the wire 28 are inserted into a hole 14A so as 
to be freely removable therefrom. The hole 14 A is pro- 
vided in the spool 14 so as to not interfere with the cen- 
tral hole into which the torsion bar 24 and the like are ^0 
inserted. 

[0055] In this way, usually, the cutting gear 30 rotates 
Integrally with the spool 14 and the lock base 16 via the 
wire 28, and the wire 28 is held in a state of being in- 
serted in the hole 14A of the spool 14. 45 
[0056] A cutting gear drive device 32 which forms a 
drive means is provided beneath the cutting gear 30. 
[0057] The cutting gear drive device 32 is provided 
with a cylinder 34 which is fixed beneath the cutting gear 
30 of the leg plate 12B. As shown in Fig. 2, the cylinder so 
34 Is formed in a cylindrical form at which a portion of 
the upper portion thereof is open so as to form an open- 
ing portion. Some of the meshing teeth 30 A of the cutting 
gear 30 are inserted in the opening portion. 
[0058] A piston 36 is provided within the cylinder 34 ss 
so as to be freely slidable within the cylinder 34. Further, 
a rack 36A, which can mesh with the meshing teeth 30A 
of the cutting gear 30, is formed in the piston 36. 



[0059] A gas supplying device 38 is connect d to the 
cylinder 34. A control device 40 is connected to th gas 
supplying d vice 38. The gas supplying device 38 sup- 
plies gas to the Interior of the cylinder 34 on the basis 
of a command from the control device 40. 
[0060] In this way, when the gas supplying device 38 
supplies gas into the cylinder 34 on the basis of a com- 
mand from the control device 40, the piston 36 is slid in 
the direction of arrow A in Fig. 2 within the cylinder 34 
due to this gas pressure. As the piston 36 slides, the 
rack 36A and the meshing teeth 30A of the cutting gear 
30 mesh, and the cutting gear 30 rotates at high speed 
with respect to the spool 14 and the lock base 16. 
[0061 ] Next, operation of the webbing take-up device 
10 of the present embodiment will be explained. 
[0062] In the webbing take-up device 10 having the 
above-described structure, the spool 14 and the lock 
base 16 are connected by the torsion bar 24. Thus, usu- 
ally, these components rotate integrally. 
Further, the wire 28 is inserted through the cutting hole 
30B formed in the side surface of the cutting gear 30 
which is provided so as to be freely rotatable. One end 
portion of the wire 28 is fixed to the lock base 16, where- 
as the intermediate portion and the other end portion of 
the wire 28 are Inserted into the hole 14A of the spool 
14. Thus, usually, the spool 14 and the lock base 16, 
which are connected via the torsion bar 24. and the cut- 
ting gear 30 rotate integrally via the wire 28. As a result, 
usually, the webbing 26 can be freely taken-up and 
pulled-out, and the wire 28 is not cut. 
[0063] In a state of a sudden deceleration of the ve- 
hicle, due to the lock plate 28 biting into the leg plate 
1 2B of the frame 1 2, rotation of lock base 16 in the web- 
bing pull-out direction is impeded. At this time, the web- 
bing tensile force due to the inertlal movement of the 
vehicle occupant acts as rotational force in the webbing 
pull-out direction on the torsion bar 24 via the spool 14. 
Thus, while the torsion bar 24 is twisted, the spool 14 
rotates relatively with respect to the lock base 16. 
[0064] Further, when the spool 1 4 begi ns to rotate rel- 
atively with respect to the lock base 16, the wire 28 is 
pulled out from the spool 14 while being drawn through 
(rubbed)at the exit portion of the spool 14, and is taken- 
up on the side surfece of the lock t>ase 16. 
[0065] In this way, white the twisting load of the torsion 
bar 24 and the drawing-through (rubt)ed)load of the wire 
28 are applied to the webbing 26 (the vehicle occupant) 
as a constant force limiter toad, the spool 14 Is rotated 
in the webbing pull-out direction with respect to the lock 
base 1 6, such that the webbing 26 is pulted-out and en- 
ergy is absorbed. 

[0066] The webbing tensile force and the amount of 
rotation of the spool 14 at this time have the relation 
shown by the solid line in Fig. 3. and a predetermined 
force limiter load (F2 In Fig. 3) is applied to the webbing 
26. Here, when the entire length of the wire 28 is pulled 
out from the spool 14 as the spool 14 rotates (the spool 
rotation amount D shown in Fig. 3), the drawing-through 
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force of the wire 28 ceases to be applied, and a force 
Hmiter load F1 shown In Fig. 3 is applied. Note that if the 
wire 28 is made long with respect to the permitted 
amount of rotation of the spool 14, a force limiter load 
F2 shown in Fig. 3 can be maintained throughout the 
entire process of energy absorption. 
[0067] When the control device 40 operates the gas 
supplying device 38 at an arbitrary time during the afore- 
mentioned energy absorbing process (i.e., at the time 
of the amount of rotation X of the spool shown in Fig. 3). 
gas Is supplied to the Interior of the cylinder 34 and the 
piston 36 is slid in the direction of arrow A in Fig. 2 due 
to the gas pressure. When the piston 36 is slid, the rack 
36A provided at the piston 36 moves while meshing with 
the meshing teeth 30A of the cutting gear 30. In this way, 
the cutting gear 30 is forcibly rotated at high speed with 
respect to the spool 14 and the lock base 16. 
[0068] The cutting gear 30 Is provided in the state in 
which the wire 28 is inserted through the cutting hole 
30B formed in the side surface of the cutting gear 30. 
Thus, when the cutting gear 30 rotates at high speed 
with respect to the spool 14 and the lock base 16, the 
wire 28 Is cut by the cutting hole 308 provided at the 
cutting gear 30. In this way, only the twisting load of the 
torsion bar 24 acts on the webbing 26 as the force limiter 
load, and the force limiter load can be reduced at an 
arbitrary time. 

[0069] The webbing tensile force and the amount of 
rotation of the spool 14 at this time have the relation 
shown by the one-dot chain line in Fig. 3. The force lim- 
iter load decreases from F2 to F1 as shown in Fig. 3 at 
an arbitrary time X. 

[0070] Accordingly, at the Initial stages of sudden de- 
celeration of the vehicle, a large force limiter load Is ap- 
plied, and the energy absorption amount per amount of 
rotation of the spool 14 (i.e., per pull-out amount of the 
webbing 26) is made large. In this way, the amount of 
puli-out of the webbing 26 (the amount of movement of 
a vehicle occupant 70) can be suppressed (region A in 
Fig. 3). On the other hand, after a predetermined energy 
absorption, by decreasing the force limiter load, the load 
applied to the vehicle occupant 70 can be decreased 
(region B in Fig. 3). 

[0071] Further, in a case in which the gas supplying 
device 38 is not operated, a large force limiter load is 
maintained throughout the entire energy absorption 
process. In a case in which the gas supplying device 38 
is operated immediately after the vehicle rapidly decel- 
erates (for example, at substantially the same time of 
beginning of the rapid deceleration of the vehicle) , a low 
force limiter load can be applied from the Initial stages 
of rapid vehicle deceleration. As a result, switching can 
be carried out between two different force limiter loads 
In accordance with the inertial energy of the vehicle oc- 
cupant based on the physique of the vehicle occupant 
and on the type of the collision. 

[0072] In the above-described embodiment, the hole 
14A provided in the spool 14 is rectilinear. However, the 



present inv ntion is not limited to th sam . For xam- 
ple, the hoi 1 4A may be rectilinear along th axis of the 
spool 14. may t>e spiral with respect to the axis of the 
spool 14, or may be another curved fomn (Fig. 5). 

s [0073] Further, in the alx>ve-described embodiment, 
one of each of the hole 14A. the wire 28 and the hole 
30B are provided. However, the present invention is not 
limited to the same, and a plurality of each of the hole 
1 4A, the wire 28 and the hole 30B may be provided (Fig. 

10 6). 

[0074] Moreover, although a rack and pinion structure 
is employed as the drive means in the embodiment de- 
scribed above, the present invention is not limited to the 
same. For example, a rollette maybe used. Or, a second 

15 gear which is usually rotatable and which always mesh- 
es with the cutting gear 30 may be provided, and this 
second gear can transfer rotational force at an arbitrary 
time. Further, the drive source of the drive means Is not 
limited to the gas supplying device, and for example, an 

20 electromagnetic actuator such as a solenoid, or a rotat- 
ing machine such as a motor may be used. 
[0075] In this way, in the webbing take-up device 10 
relating to the present embodiment, different force lim- 
iter loads can be selected at arbitrary times, by use of a 

25 simple structure. 

[0076] Next, a vehicle 50, which relates to another 
embodiment of the present invention and to which the 
webbing take-up device 10 of the above-described em- 
bodiment is applied, will be described with reference to 

30 Fig. 4. 

[0077] In Fig. 4, the periphery of a front passenger's 
seat 52 of the vehicle 50 is illustrated in cross-sectk)n 
as an example of application of the webbing take-up de- 
vice 10 to the vehicle 50. 

35 [0078] The vehicle 50 is provided with the fix>nt pas- 
senger's seat 52, and the webbing take-up device 10 is 
applied to the front passenger's seat 52. Further, an air 
bag device 60 is disposed at an instrument panel 54 in 
front of the front passenger's seat 52. The air bag device 

40 60 is operated at the time when a predetermined accel- 
eration is sensed by an acceleration sensor (not shown 
in the drawings), so as to inflate a bag body 62 toward 
the vehicle occupant 70 who is seated in the front pas- 
senger's seat 52. 

45 [0079] A sensor 64 Is provided at the vehicle occupant 
70 side distal end portion of the bag body 62. and de- 
tects the distance to the vehicle occupant 70. The sen- 
sor 64 is electrically connected to the control device 40, 
and outputs the results of detection to the control devrce 

50 40. 

[0080] As described above, the control device 40 is 
connected to the gas supplying device 38. When the 
control device 40 judges, on the basis of the results of 
detection of the sensor 64. that there is a state Immedi- 
55 ately before contact of the vehicle occupant 70 and the 
bag body 62, the control device 40 operates the gas sup- 
plying device 38. 

[0081] Next, operation of the vehicle 50 to which the 
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webbing take-up device 10 is applied wit! be described. 
[0082] When the vehicle 50 rapidly decelerates, the 
lock plate 18 of the webbing take-up device 1 0 bites into 
the leg plate 12B, and rotation of the lock base 16 In the 
webbing pull-out direction is impeded. At this time, the s 
upper portion of the body of the vehicle occupant 70 
seated in the front passenger's seat 52 moves toward 
the front of the vehicle (in the direction of arrow A in Fig. 
4) due to Inertlal force due to the rapid deceleration of 
the vehicle 50. When a tensile force is applied to the io 
webbing as the vehicle occupant 70 moves, the twisting 
load of the torsion bar 24 and the drawing- through load 
of the wire 28 are applied to the vehicle occupant 70 as 
force limiter load in the direction of arrow F in Fig. 4, and 
the inertial energy of the vehicle occupant 70 is at>- is 
sorbed. 

[0083] In a case in which the rapid deceleration of the 
vehicle 50 is even greater, the air bag device 60 is op- 
erated simultaneously with the absorption of energy by 
the webbing take-up device 1 0. When the air bag device 20 
60 is operated, the sensor 64 detects the distance l>e- 
tween the bag body 62 and the vehicle occupant 70. and 
outputs the results of detection to the control device 40. 
When the control device 40, to which the results of de- 
tection by the sensor 64 are Input, judges, on the basis 25 
of these results of detection, that there is a state Imme- 
diately before contact of the bag body 62 and the vehicle 
occupant 70. the control device 40 operates the gas 
supplying device 38. 

[0084] When the gas supplying device 38 is operated, 30 
the wire 28 is cut, and the force limiter load decreases 
from F2 to F1 shown in Fig. 2. 

[0085] In this way, because the force limiter load de- 
creases Immediately before contact of the bag body 62 
and the vehicle occupant 70, at the time before contact 35 
of the bag body 62 and the vehicle occupant 70, a large 
force limiter load is applied, and the energy absorption 
amount per time is large, such that the webbing pull-out 
amount (amount of movement of the vehicle occupant) 
can be suppressed. On the other hand, after contact of 40 
the bag body 62 and the vehicle occupant 70. a smaller 
force limiter load is applied, such that the force applied 
to the vehicle occupant 70 from the exterior (i.e., the 
force limiter load and the load accompanying contact 
with the bag body 62) is decreased. I n this way, there is 45 
less possibility that the vehicle occupant 70 is injured, 
compared to the conventional device. 
[0086] The vehicle 50 may be provided, for example, 
with a sensor which can detect the physique (weight) of 
the vehicle occupant 70, such as a load sensor array or so 
the like provided within the seat surface of the front pas- 
senger's seat 52. When the vehicle occupant 70 Is of a 
large physique (when the inertial energy Is targe), a 
large force limiter load can be maintained even after col- 
lision (contact) with the bag body 62, without operating ss 
the gas supplying device 38. When the vehicle occupant 
70 has a small physique (the inertial energy is low), the 
gas supplying device 38 can be operated before colli- 



sion with the bag body 62 such that a small force limiter 
load is applied from the initial stages of en rgy absorp- 
tion. Further, it Is possible to use not only the physiqu 
of the vehicle occupant 70 but also, for example, the 
type of collision of the vehicle 50 (the deceleration 
amount at the time of rapid deceleration, or the direction 
thereof, or the like) as a parameter forjudging the time 
for operating the gas supplying device 38. 
[0087] In the above-described vehide 50, the wek)- 
bing take-up device 10 is applied to the front passen- 
ger's seat 52. l-lowever, the present invention is not lim- 
ited to the same. For example, the webbing take-up de- 
vice 1 0 may be applied to the driver's seat or a rear pas- 
senger's seat, and may be applied to a seat whk:h is not 
equipped with an air bag device. 
[0088] Moreover, in the above-described vehicle 50, 
the sensor 64 is provided at the distal end of the bag 
body 62. However, the present invention is not limited 
to the same, and for example, a sensor may be provided 
at a roof 56 of the vehicle 50 or at the steering wheel (in 
the case of the "driver's seaf). Further, instead of pro- 
viding a sensor which directly detects, for example, the 
distance to the vehicle occupant, the weight of the ve- 
hicle occupant, the position of the seat, the type of col- 
lision, the take-up amount of the webbing, or the like 
may be inputted from sensors or the like which are al- 
ready provided, and the control device 40 may be 
equipped with a program (an indirect sensor system) 
which can compute the time of collision between the bag 
body 62 and the vehicle occupant 70 on the basis of 
these inputs. 

[00891 In this way. In a vehide which is equipped with 
an air bag device and to which the webbing take-up de- 
vice 10 of the above-described embodiment is applied, 
the load applied to a vehide occupant can be reduced. 
[0090] In the above description, the webbing take-up 
device relating to the present Invention Includes the cut- 
ting gear 30 and the like forming the cutting section and 
the control section 40. However, the present Invention 
is not limited to the same. The webbing take-up device 
relating to the present invention may not indude the cut- 
ting gear 30 and the like forming the cutting section and 
the control section 40. (Namely, in Fig. 1, the cutting 
gear driving device 32(34. 36) and cutting gear 30 may 
be omitted.) Even in this case, by adjusting the wire 28 
to an adequate length, two different force limiter loads 
can be obtained. Namely, before the entire wire 28 is 
pulled out from the hole 14A, a large force limiter load 
is obtained, and after the entire wire 28 is pulled out from 
the hole 14A, a small force limiter load is obtained. Ac- 
cordingly, the webbing take-up device in this case has 
the excellent effect that different force limiter loads can 
be obtained, with a very simple structure in which the 
device merely has the hole 14A and the wire 28 which 
is accommodated In the hole 14 A, in a normal state. 
[0091] As described above, the webbing take-up de- 
vice relating to the present invention has the excellent 
effect that different force limiter loads can t>e selected 
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at arbitrary f mes. with a simple structure. 
[0092] Further, the vehicle relating to the present in- 
vention is provided with the above-described webbing 
take-up device and an air bag device, and has the ex- 
cellent effect that the toad applied to the vehicle occu- s 
pant can be reduced. 

Claims 

10 3. 

1. A webbing take-up device comprising: 

a cylindrical spool at which a webbing is taken- 
up and from which a webbing is pulled-out; 
a lock base provided at one end side of the is 
spool so as to be coaxial with the spool and so 
as to be able to rotate relatively to the spool; 
a locking member which is connected to the 
lock base and which impedes rotation of the 
lock base in a direction of pulling out the wet>- 20 
bing by engaging with a frame at a time when 
a predetermined acceleration is sensed; 
a torsion bar which is provided within the spool 
coaxiaily with the spool, one end of the torsion 
bar being connected to the spool, another end 2S 
of the torsion bar being connected to the lock 
base, the torsion bar making the spool and the 
lock base rotate integrally in a normal state, and 
in a state In which rotation of the lock base in 
the direction of pulling out the webbing is Im- 30 
peded by the locking member, the torsion bar 
being twisted due to webbing tensile force while 
making the spool rotate relatively with respect 
to the lock base in the direction of pulling out 
the webbing; 35 
at least one wire whose one end portion is fixed 
. to the lock base and whose another end portion 
and an Intermediate portion are inserted in the 
spool, and due to the at least one wire being 
pulled out from the spool at a time when the 40 
spool rotates relatively with respect to the lock 
base, the at least one wire generating a resist- 
ance force; and 

a cutting section which is able to cut the at least 
one wire at an arbitrary time. 4S 

2. A webbing take-up device according to claim 1, 
wherein the cutting section has: 

a cutting gear which is formed in a disc shape so 
having meshing teeth at an outer peripheral 
portion thereof and which has a cutting hole in 
a disc side surface, the cutting gear being dis- 
posed between the spool and the lock base so 
as to be freely rotatable and so as to be coaxial ss 
with the spool, with the at least one wire insert- 
ed through the cutting hole; and 
a driving section having driving teeth which can 



mesh with the meshing te th of the cutting g ar, 
the driving section allowing the cutting g ar to 
rotate freely in the normal state, and due to th 
drive means being operated, the drive teeth be- 
ing moved while meshing with the meshing 
teeth of the cutting gear such that the driving 
section forcibly rotates the cutting gear with re- 
spect to the spool and the lock base. 

A webbing take-up device comprising: 

a cylindrical spool at which a webbing is taken- 
up and from which a webbing is pulled-out; 
a lock base provided at one end side of the 
spool so as to be coaxial with the spool and so 
as to be able to rotate relatively to the spool; 
a locking member which Is connected to the 
lock base and which impedes rotation of the 
lock base In a direction of pulling out the web- 
bing by engaging with a frame at a time when 
a predetermined acceleration is sensed; 
a torsion bar which is provided within the spool 
coaxiaily with the spool, one end of the torsion 
bar being connected to the spool, another end 
of the torsion bar being connected to the lock 
base, the torsion bar making the spool and the 
lock base rotate integrally in a normal state, and 
in a state in which rotation of the lock base in 
the direction of pulling out the webbing is im- 
peded by the locking member, the torsion bar 
being twisted due to webbing tensile force while 
making the spool rotate relatively with respect 
to the lock base in the direction of pulling out 
the webbing; 

at least one wire whose one end portion is fixed 
to the lock base and whose another end portion 
and an intermediate portion are inserted in the 
spool, and due to the at least one wire being 
pulled out from the spool at a time when the 
spool rotates relatively with respect to the lock 
base, the at least one wire generating a resist- 
ance force; and 

a cutting section which is able to cut the at least 
one wire at an arisitrary time, wherein the cut- 
ting section has: 

a cutting gear which is formed in a disc 
shape having meshing teeth at an outer pe- 
ripheral portion thereof and which has a 
cutting hole in a disc side surface, the cut- 
ting gear being disposed between the 
spool and the lock base so as to be freely 
rotatable and so as to be coaxial with the 
spool, with the at least one wire inserted 
through the cutting hole; and 
a driving section having driving teeth which 
can mesh with the meshing teeth of the cut- 
ting gear, the driving section allowing the 
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cutting gear to rotate freely in the normal 
state, and due to the drive means being op- 
erated, the drive teeth being moved white 
meshing with the meshing teeth of the cut- 
ting gear such that the driving section for- 5 
cibly rotates the cutting gear with respect 
to the spool and the lock base. 

4. A webbing take-up device according to claim 1, 
wherein the intermediate portion and the other end io 
portion of the at least one wire are accommodated 
in a wire accommodating portion provided at the 
spool. 

5. A webbing take-up device according to claim 4, is 
wherein the wire accommodating portion is a hole 
which is substantially parallel to an axis of rotation 
of the spool. 

6. A webbing take-up device according to claim 4, ^ 
wherein the wire accommodating portion is formed 
in spiral shape with respect to an axis of rotation of 
the spool. 



7. A webbing take-up device according to claim 4, 
. wherein a plurality of the wires and a plurality of the 

wire accommodating portions are provided. 

8. A vehicle comprising: 

a webbing take-up device having: 



of pulling out the webbing; 
at least one wire whose one end portion is 
fixed to the lock base and whose another 
end {portion and an intermediate portion are 
inserted in the spool, the at least one wire 
being pulled out from the spool at a time 
when the spool rotates relatively with re- 
spect to the lock base, the at least one wire 
generating a resistance force; and 
a cutting section which is able to cut the at 
least one wire at an arbitrary time; 

an air bag device; 

a sensor which can detect Information relating 
to at least one of a vehicle occupant and a state 
of the vehicle; and 

control section which is connected to the cutting 
section and the sensor, and which can operate 
the cutting section on the basis of detection re- 
sult of the sensor. 

9. A vehicle according to clam 8, wherein the sensor 
is a sensor which can detect a distance between 
the vehicle occupant and a bag body of the air bag 

25 device. 

10. A vehicle according to claim 8, wherein the sensor 
is a sensor which can detect at least one of a weight 
of the vehicle occupant and a physique of the veN- 

30 cle occupant. 

11. A vehicle according to claim 8. wherein the sensor 
can detect a running state of the vehicle. 



a cylindrical spool at which a webbing is 
taken-up and from which a webbing is 
pulled-out; 35 
a lock base provided at one end side of the 
spoot so as to be coaxial with the spool and 
so as to be able to rotate relatively to the 
spool; 

a locking member which is connected to 40 
the lock base and which impedes rotation 
of the lock base in a direction of pulling out 
the webbing by engaging with a frame at a 
time when a predetermined acceleration is 
sensed; 45 
a torsion bar which is provided within the 
spool coaxially with the spool, one end of 
the torsion bar being connected to the 
spool, another end of the torsion bar being 
connected to the lock base, the torsion bar so 
making the spool and the lock base rotate 
integrally in a normal state, and in a state 
in which rotation of the lock base in the di- 
rection of pulling out the webbing is imped- 
ed by the locking member, the torsion bar ss 
being twisted due to webbing tensile force 
while making the spool rotate relatively 
with respect to the lock base in the direction 
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